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(54) Blood reservoir volume sensing system

(57) An extracorporeal system for the recovery and
washing of salvaged body fluid collected from a surgical

site of a patient includes a reservoir 10 for storing the

collected fluid having a bottom wall and a sensor 11 for

sensing the level of fluid in the reservoir and producing

a corresponding signal 1 0. A salvaging system 1 2 is flu-

idly coupled to the reservoir 10 for processing the sal-

vaged fluid. Control apparatus 1 8 initiates or terminates

processing of the salvaged fluid in response to the sig-

nal. A fluid sensing chamber 216 extends up from the

bottom wall within the reservoir 10 to isolate a narrow

column of fluid within the reservoir from the rest of the

fluid in the reservoir and the sensor 11 is coupled to the

fluid sensing chamber 216 to sense the height of the

isolated column
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Description

Background of the invention

[0001] As a patient loses blood during surgery, the

blood is often replaced by transfusion to the patient.

Conventionally, this requires that a supply of blood be
available that is crossmatched with the patient's own
blood to be certain that the two are compatible. The
problems of processing blood from donors, of storing

that blood and of crossmatching that blood with the pa-

tient are substantially circumvented by the use of autol-

ogous blood transfusion techniques. By such a tech-

nique, the patient's own blood, lost through a wound or

surgical incision, is collected and returned to the patient.

[0002] Typically the patient's blood is collected from
the surgical site by a suction wand. The collected blood

may be contaminated by bone particles, fat, saline irri-

gation solutions and the like. To prevent return of those

contaminants to the patient, the autologous transfusion

systems clean the blood by separating out the compo-
nents and contaminants in the centrifuge, concentrating

the red blood cells, and washing the red blood cells in

the centrifuge. The washed red blood cells are then re-

turned to the patient.

[0003] Prior to delivery to the cell salvage system, the

blood taken from the patient is collected in a reservoir.

Typically that reservoir is a transparent, rigid plastic ster-

ilized disposable container having a filter therein. The
reservoir is connected at one end to a vacuum source
and at the other end to the suction wand. The blood is

suctioned into the reservoir through one or more input

ports located at the top of the reservoir and is delivered

to the cell salvage system through an outlet port at the

bottom. A filter element is positioned between the inlet

and outlet to remove bone fragments and the like from
the blood.

[0004] Current operating procedures for autologous
blood recovery systems required the operator to visually

monitor the volume of blood fluid as it is collected by the

suction wand and stored in the reservoir. The operator

then initiates the cell salvage process when sufficient

volume of blood is observed to be present in the reser-

voir. When this volume is processed the cell salvage
process is stopped. The operator must then wait and
observe the volume level of blood collected by the wand
into the reservoir and reinitiate processing when the pre-

determined level is obtained. A need exists for automat-
ing this time-consuming procedure and to eliminate the

human factor which requires the diligence of a user to

watch the reservoir volume to prevent overflow.

Brief Description of the Drawings

[0005]

Fig. 1 is a perspective view of the system of the in-

vention.

Fig. 2 is a partly broken away side-view of the res-

ervoir of Fig. 1 of the invention.

Fig. 3 is a partly broken away top-plan view of the

Fig. 2 embodiment.
5 Fig. 4 is an exploded perspective view of the strain

gage assembly 30 of Fig. 2.

Fig. 5 is an exploded perspective view of an alter-

nate strain gage assembly embodiment.

10 Detailed Description of the Invention

System Description

[0006] Referring now to the drawings of Fig. 1 and Fig.

?5 2 a reservoir volume sensing system for autologous

blood recovery will now be described in connection

therewith. Reservoir 10 is a tubular plastic transparent

disposable reservoir for temporarily storing body fluids

aspirated by suction wand 1 4 from a surgical or post re-

20 covery patient site. Vacuum for wand 14 is supplied by

vacuum source (not shown) which is connected through

port 1 30 in cover 1 02 of reservoir 1 0 to the suction wand
1 4 via one or more redundant ports 81 . In a first embod-
iment of the invention the volume of fluid in the reservoir

25 is sensed by an external strain gage transducer assem-
bly 30 (See Figs. 2-4) mounted between pole/stand 20
and reservoir 10. An electrical signal, indicative of fluid

weight W is generated by assembly 30 and coupled by

an electrical lead 9 (see Fig. 4) to cell salvage control

30 electronics (18) in cell salvage system 12. In an alter-

nate embodiment the height H of fluid in the reservoir is

sensed by an ultrasonic sensor 11 ,
coupled to the bot-

tom of the reservoir 10, using a pulse echo detection

method. An electrical signal (proportional to H) is gen-
35 erated by the sensor 1 1 and is coupled by lead 1 5 to a

processor circuit 16. Processor 16 calculates the time

delay between a transmitted ultrasonic pulse and its re-

ceived echo. This time delay is directly proportional to

the fluid height H. A digital value representative of this

40 time is then transmitted to the cell salvage control elec-

tronics (1 8) over leads (1 7).

[0007] Note: The ultrasonic implementation has an in-

tegral microprocessor circuit 1 6 that processes the sig-

nals and extracts information to feed to cell salvage

45 Control Electronics 18 (also microprocessor-based).

The strain gage embodiment does not have a first com-
puter processing stage. It interfaces directly to the Cell

Salvage Control electronics.

[0008] In either alternative embodiment, the control

50 electronics 1 6 uses the information to control the oper-

ation of cell salvage system 12. Cell salvage system 12

is in fluid communication with the fluid in reservoir 1 0 via

tubing 19. Cell salvage system 12 utilizes the volume
information to automatically initiate processing by peri-

55 staltically pumping fluid with roller pump 164 from res-

ervoir 1 0 when sufficient volume of blood fluid is present

in the reservoir 10 as sensed by either the strain gage
sensor 30 or the ultrasonic sensor 11

.
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[0009] Cell salvage system 12 is a modified revision

of the Cell Saver® Haemolite® 2 system made by

Haemonetics® Corporation and is generally described

in U.S. Patent 4,946,434 (incorporated herein by refer-

ence). In the system 12 a disposable manifold cassette

valve 1 60 is used to couple fluids from reservoir 1 0 and
wash solution bag 1 68 to or from centrifuge 1 8 product

bag 170 and waste disposal bag 172 under the control

of electronic 18.

[001 0] The system can accurately and repeatably de-

termine reservoir volume without being significantly af-

fected by normal clinical conditions including reservoir

tilting, collected blood composition, blood collection

rate, or fluid turbulence. The volume measurement is

continuous over a predetermined range. The volume at

which processing is initiated or resumed is programma-
ble and software in the computer may be programmed
with logic to decide when processing should be initiated

or resumed depending on the state of the process and
the size of the processing chamber.

[0011] The system of the invention is capable of:

1 . Providing a continuous measurement of reservoir

fluid volume without direct contact with the reser-

voir (fluid) contents.

2. Determining fluid volume despite unpredictability

and nonhomogeneity of fluid contents with respect

to hematocrit, cellular composition, fat, bone par-

ticulate, and miscellaneous other material which

may be collected from a surgical site.

3. Determining fluid volume under a range of clinical

conditions including flow rate of incoming fluid,

reservoir tilting, fluid turbulence, and air bubbles

suspended in the fluid.

4. Resolving reservoir volume over a target center

range (e.g. 1 00 to 2000 ml to within 1 00 ml.).

5. Detecting and differentiating the conditions when
the reservoir volume is below or above the meas-
urement range. (Ultrasonic implementation only.)

6. Detecting whether the sensor cable and sensor is

electrically connected to cell processing equip-

ment.

7. Detecting whether the sensor is properly mechan-
ically coupled to the reservoir. (Ultrasonic imple-

mentation only.)

8. Allowing the user to modify volume setting at which

processing is initiated.

9. Allowing connection of the sensor to the reservoir

with power "on" or "off" to the system.

Strain Gage Embodiment

[0012] Referring now to Figs. 2-4 a strain gage em-
bodiment of the volume sensor will now be described in

detail in connection therewith. A reservoir 10 for collect-

ing aspirated fluids from a patient during surgical and
postoperative periods is suspended from an IV pole

stand 20 by a strain gage assembly 30 shown in detail

4

in Fig. 4.

[0013] Note that for convenience reservoir 10 has

been modified to include an ultrasonic sensor embodi-

ment. However, it is to be understood that preferably the

5 strain gage sensor would be utilized with a standard un-

modified reservoir such as the Haemonetics® Cell Sav-

er® Collection Reservoir List No. 200.

[0014] Assembly 30 consists of an inner reservoir

split-ring 40; an outer reservoir split-ring 50; a strain

w gage block 60; and a mounting block 70.

[0015] The inner diameter of split-ring 40 is large

enough to permit the cylindrical body 100 of reservoir

1 0 to pass through the ring. But the larger diameter cov-

er 102 does not. So the reservoir rests upon and is sup-

15 ported by the inner-split ring 40.

[0016] Strain gage block 60 is an I-beam shaped

strain gage sensor which is attached by screws 72 at

one end to the midpoint of split ring 40 and at the other

end to mounting block 70. Mounting block 70 is a gen-

erally U-shaped member with a base portion 70a, two

flange portions 70b, 70c and a ledge portion 70d.

[001 7] Dowel pins 74 are used to secure the two piec-

es 50a and 50b of outer split-ring 50 to the respective

flanges 70b and 70c of mounting block 70.

[001 8] The base portion 70a is split by a key-hole 70e

having an inner diameter large enough to accept a

mounting structure, such as, IV pole 20. A bolt 76 ex-

tends through a transverse bore 78 in block 70 to an

adjustment knob 79 which can be used to adjust the

height of the reservoir in relation to the IV pole 30. Ledge

portion 70d extends radially inwardly from the flanges

and acts as a stop to prevent excessive radial rotation

forces on reservoir 1 0 from being applied to the pole 20.

[0019] In operation, fluid from the wand 14 enters,

ports 81 , 82 or 85 depending on which is coupled by

tubing 84, 82 or 80 to wand 14. Vacuum from a source

(not shown) is coupled via tubing 140 to vacuum inlet

port 120. The volume of fluid in reservoir 10 is sensed

by its effect on the vertical strain imparted to the strain

gage block 60. An analog electrical signal proportional

to such strain is generated by the strain gage block 60

and is coupled over an electrical lead (not shown) to the

cell salvage control electronics 18 (as shown in Fig. 1)

for conversion to digital format and calibration to pro-

duce a volume signal representation of the instantane-

ous volume of fluid in the reservoir. The strain gage

block 60 is preferably of the type made by Kulite Semi-

conductor Products, Inc. of Leona N.J. and sold as Gage
Beam P/N BG 1 4. It is extremely sensitive to vertical forc-

es applied to it but is substantially insensitive to horizon-

tal forces. The outer split guard ring 50 supports the tub-

ing 80, 82 and 84 to or from ports 81 , 83 and 85 respec-

tively and converts, or translates, any vertical force ap-

plied by such tubes into a horizontal force thereby pre-

venting volume level misreadings by the sensor 30.

[0020] An advantage of this embodiment is that no

modification has to be made to the standard reservoir

since the sensor is totally extraneous to the reservoir.
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Ultra-Sonic Sensor Embodiment

[0021] An ultrasonic sensor embodiment will now be
described in connection with Fig. 2. Note that while Fig.

2 also shows a strain gage volume sensor 30 coupled

between the pole 20 and reservoir 10 it is to be under-

stood that for normal operation either one or the other

embodiment would be employed, not both.

[0022] The ultrasonic sensor 11 is comprised of a pi-

ezoelectric crystal 210 which is acoustically coupled

(placed in good acoustic contact) with a bottom surface

of reservoir 10.

[0023] The crystal 21 0 is excited by an electrical pulse

causing it to vibrate for a short period of time at its res-

onate frequency. The resulting sound wave is transmit-

ted through the plastic surface at the bottom of the res-

ervoir and into the fluid medium 21 2. At every boundary

between two dissimilar mediums some sound energy is

reflected; the greater the difference in acoustic imped-

ance between the mediums the more energy reflected.

Reflections near to the transducer from the plastic res-

ervoir walls are filtered out by processor 1 6 and ignored.

The sound energy travels through the fluid medium 212
until it is reflected off the fluid-air boundary 214 at the

top of the fluid column. The reflected energy retraces its

path back to the transducer 1 1 causing it to resonate the

piezoelectric crystal 210 (now acting as a receiver)

which creates a voltage signal which can be detected

by the processor 16. The time delay between the trans-

ducer pulse and the detected reflection is a measure of

the height of the boundary causing that reflection.

[0024] This height information is communicated from

the processor to the control circuit 1 8 upon request. The
control circuit uses this information (along with the

known reservoir geometry) to calculate the volume of

the fluid in the reservoir. This. information is used in con-

junction with software program logic to decide when to

initiate processing of the fluid in the reservoir 10.

[0025] A fluid sensing chamber 21 6 is provided within

the reservoir to channel the ultrasonic energy from

transducer 21 0 and to isolate the contained fluid column
212 from fluid turbulence and an anti-foaming and par-

ticulate filter. Channeling the ultrasonic energy was
found to improve the system tolerance to reservoir tilting

by directing the reflected energy back to the transducer.

In addition, the chamber isolates the ultrasonic signal

path away from the reservoir filter. Otherwise, the res-

ervoir filter would dissipate the ultrasonic signal by ob-

structing the energy pathway, scattering energy, absorb-

ing energy, and providing a surface where air bubbles

(energy scatters) congregate. The fluid sensing cham-
ber 216 isolates and protects the contained fluid from

the fluid turbulence within the reservoir caused by res-

ervoir filling. A slot 230 in the side of the fluid sensor

chamber at the bottom allows fluid in and out of the

chamber so that the level of fluid in the chamber match-

es the level of fluid in the reservoir.

[0026] In general the logic program for automation of

the collection process comprises the following steps:

Power-on

5 [0027] After the cell salvage system with level sensor

is turned on and the user initiates operation, the system

begins monitoring the level (volume) of fluid in the res-

ervoir 1 0. This involves interrogating the ultrasonic level

sensor system or sampling the strain gage level sensor
io signal and processing the acquired sensor data to ob-

tain a digital value which is related to the volume of fluid

in the reservoir 10. This digital value is representative

of fluid height when using the ultrasonic sensor system

and of fluid weight in the strain gage sensor system im-

*5 plementation. From the digital value, using software log-

ic, an estimate of the volume of fluid in the reservoir is

calculated.

Initiating FILL

[0028] When a sufficient volume of fluid is present in

the reservoir the system initiates the FILL cycle. This

determination is made by comparing the digital value

obtained by processing the sensor data to the digital val-

ue expected (target value) for a given reservoir volume.

[In practice, one would wait until several successive

samples exceed the target value before deciding that

the target volume was reached. This or other means
would be used to "filter" out noise due to disturbance of

the reservoir.] The default volume for initiating FILL is

preprogrammed. This is the "Start" level (for example

900 ml would be a default value for a 250 ml bowl.)

Resuming FILL After Emptying the Reservoir

[0029] At times the reservoir will be emptied during

FILL before a full bowl of red blood cells advances the

process into Wash. When this condition occurs the sys-

tem will resume monitoring the level (volume) of fluid in

the reservoir to determine when FILL can be resumed.

The default level (volume) to resume FILL will be about

one-half* whatever the currently programmed "Start"

level is. This is the "Resume" level. Using the resume

target value, the decision-making process is the same
as that described for initiating FILL. (For example, the

default value of about 450 ml may be used as the

resume level for a 250 ml bowl.)

Emptying the Bowl

[0030] Once the contents of the bowl have been

* Note: The value of "one-half" is not critical. Experience may show that

a resume level which is two-thirds or three-fourths of the start level is

better Or experience may show that the resume level should be the

same as the start level. Alternatively, the system may allow the user to

independently program both the start and resume levels via the user

interface. The actual values are not as important as the idea that the

machine will automatically initiate processing when sufficient levels of

fluid are available and before the reservoir overflows.
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washed and emptied the system will repeat the process

above beginning with "Initiating Fill". As before, the FILL

initiation level is reset to the "Start" level target.

User Modification

[0031] The user is able to modify the "Start" level of

the level sensor via the system user interface (keypad,

display, and software logic). The programmable FILL in-

itiation range is 200 to 2500 ml. Once the "Start" level

is chosen the "Resume" level will be some fraction i.e.,

one-half of the "Start" level or will be independently pro-

grammable.

[0032] Fig. 5 depicts an alternate embodiment of the

strain gage sensor of Figs. 2-4 wherein among other

things, the IV pole 20 1
is off-set from the mounting block

701
. In Fig. 5 like ports carry the same reference numer-

al as in Fig. 4 with a prime suffix.

[0033] Sensor 30 1 consists of an inner reservoir split-

ring 40 1
; an outer reservoir split-ring 501

; a strain gage
block 601

; and a mounting block 701
.

[0034] As in the previous embodiment the inner diam-

eter of split-ring 40 1
is large enough to permit the cylin-

drical body 1 00 of reservoir 1 0 to pass through the ring.

The larger diameter cover 1 02 rests upon and is sup-

ported by the inner-spit ring 401
.

[0035] The strain gage block 60' is attached by screws
72 1 at one end to ring support number 41 welded to ring

401 at the midpoint thereof. At the other end block 60'

is secured by screws 701 to mounting block 70 1
. Mount-

ing block 70 1
is a generally pie-shaped member with an

outer portion 701 a, an inner portion 70 1 b, and a clamp
portion 701 c,

[0036] The outer portion 70a has a circumferential

groove 70e formed therein to accept horizontal IV pole

segment 77 with the segment 75 pinned in place by drive

pin 74, clamp 70 1 c may be affixed to portion 70'a by

screws 73. A ledge on inner portion 701 b extends radi-

ally inwardly from the flanges. An overload protective

block 70 1d is affixed to the ledge and acts as a stop to

prevent excessive radial rotation forces on reservoir 10

from being applied to the pole 20. End cap 81 encloses

an end of segment 77 while knuckle 79 encloses the

other end. Color coded balls 93 are provided at each
end of the split outer ring to indicate which color-coded

tubing line attaches to the reservoir. Wire 9 1 is coupled

through radial bore 97 to control electronics 18.

Equivalents

[0037] Those skilled in the art will recognize, or be
able to ascertain using no more than routine experimen-

tation, many equivalents to specific embodiments of the

invention described specifically herein. Such equiva-

lents are intended to be encompassed in the scope of

the following claims.

Claims

1. An extracorporeal system for the recovery and

washing of salvaged body fluid collected from a sur-

5 gical site of a patient, the system including a reser-

voir (10) for storing the collected fluid, said reservoir

having a bottom wall, a sensor (11) for sensing the

level of fluid in the reservoir and producing a corre-

sponding signal (1 0), a salvaging system (1 2) fluidly

*o coupled to said reservoir (1 0) for processing the sal-

vaged fluid, control apparatus (18) which, in re-

sponse to said signal, initiates or terminates

processing of the salvaged fluid, characterised in

that a fluid sensing chamber (21 6) extends up from

'5 said bottom wall within the reservoir (10) to isolate

a narrow column of fluid within the reservoir from

the rest of the fluid in the reservoir and the sensor

(11) is coupled to the fluid sensing chamber (216)

to sense the height of said isolated column.
20

2. The system as claimed in claim 1 characterised in

that the salvaged fluid is whole blood.

3. The system according to claim 2 characterised in

25 that the salvaging system (12) is a centrifuge in

which the whole blood is processed to filter out non-

blood products and to separate the whole blood into

components.

30 4. The system according to any one of claims 1 to 3

characterised in that a suction wand (14) is pro-

vided for sucking the salvaged fluid into the reser-

voir (10).

35 5. The system as claimed in any one of claims 1 to 4,

characterised in that the sensor (11) is an ultra-

sonic transducer.

6. The system as claimed in any one of claims 1 to 5,

40 characterised in that the reservoir includes a tu-

bular filter disposed concentric to a longitudinal axis

of the reservoir and the fluid sensing chamber is lo-

cated radially outward from the filter and extends

longitudinally opposite the filter and has a longitu-

45 dinal slot formed therein.

7. The system as claimed in claim 5, characterised

in that the ultrasonic transducer comprises:

50 a) a piezoelectric crystal acoustically coupled

to a bottom surface of the reservoir for gener-

ating a sound wave which is reflected at the in-

terface between fluid and air in the reservoir

and returned to the crystal where it is converted

55 to an electrical echo signal; and

b) detection apparatus for detecting the echo

signal, determining the volume of fluid in the

reservoir therefrom, and generating a volume

50

55
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signal. rameters.

8. The system as claimed in claim 7, characterised

in that the piezoelectric crystal is located opposite

the fluid sensing chamber. s

9. A method for processing salvaged body fluid from

a surgical site of a patient including the steps of suc-

tioning the body fluid into a reservoir (1 0), determin-

ing the volume of fluid in the reservoir (10), initiating 10

or terminating processing of the fluid in response to

a signal indicative of whether or not sufficient vol-

ume is accumulated in the reservoir for processing,

characterised in that the volume of fluid in the res-

ervoir is determined by detecting the height of a nar- is

row column of said fluid within the reservoir that is

substantially isolated from the rest of the fluid in the

reservoir whereby the volume determination is rel-

atively unaffected by disturbances in the fluid.

20

10. The method according to the previous claim char-

acterised in that the salvaged body fluid is filtered

in the reservoir.

1 1 . The method according to claim 9 or 1 0, character- 25

ised in that processing is terminated when the fluid

volume in the reservoir reaches a predetermined

lower level and is initiated when the fluid volume
reaches a predetermined upper level.

12. The method according to any one of claims 9, 1 0 or

11 , characterised in that the volume levels for in-

itiating or terminating processing may be varied by
the user.

30

35

1 3. The method according to any one of claims 9 to 1 2,

characterised in that the reservoir (10) is com-
prised of a longitudinally extending tubular body
(100) covered by a cover (102) and the reservoir is

suspended by the cover (1 02). 40

1 4. The method according to any one of claims 9 to 1 3,

characterised In that the body fluid is blood and
processing includes the steps of concentrating the

red cells of the blood, washing the red cells and col- 45

lecting the red cells.

1 5. The method according to any one of claims 9 to 1 4,

characterised in that sensing the volume of body
fluid includes the steps of coupling an acoustic so

transmit signal through the bottom of the reservoir

and sensing a return signal from the reflection of the

transmit signal at an interface between blood and
air in the reservoir and determining the height of the

volume of blood in the reservoir based upon the 55

time between the transmit signal and the return sig-

nal and determining the volume of the blood based
on the height and known constant reservoir size pa-

6
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To Cosette

Valve I60
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